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0 System permitting peripheral fnterchanfleablltty. 

© In a system including a processor and at least one connector for providing Inputs to the processor, which 
one of a plurality of different types of peripherals la plugged Into the connector Is determined by sensing any 
change En- the connection of a peripheral to said connector, upon fnEtfal start-up of the system and each time a 
change from not plugged In to plugged In Is detected interrogating the peripheral to obtain Its type and storing 
the type of peripheral which la plugged In. 
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SYSTEM PERMITTING PERIPHERAL INTBtCHANGIABfLITY 



RELATED APPLICATIONS 

This application is related to the following applications filed on even date herewith, the disclosure of 
a which Is hereby Incorporated by reference. These appflcatfcns contain, at least tn part, common disclosure 
regarding an embodiment of a peripheral repeater box. Each, however, contains claims to a different 
invention. 

Peripheral Repeater Box (EP 88113181 .8) 
O.C. Power Monitor (EP 881 13162.7) 
10 Tri-8tate Function fndlcator {EP 881131 57.7) 
Method of Changing Baud Rates (EP 88113167.7) 
Communications Protocol (EP 88113157.7) 
Method of Packetfzing Data (EP 88113180.1) 

75 

BACKGROUND OF THE INVENTION 

This invention relates to computer systems In general and more particularly, to a system which permits 
Interchanging peripherals connected to a peripheral repeater box to which a plurality of peripherals can be 
20 connected. 

In large computer systems, and particularly In systems which provide graphics displays, a plurality of 

different types of peripheral devices for providing input to the computer system are provided. For example, 

a single system may have as inputs a keyboard, a mouse, a tablet a light pen, dial boxes* switch boxes 

and so forth. In a system with a pfuraBty of such peripherals It Is advantageous to have a devfee which can 
25 collect Inputs from each of these peripherals and then retransmit the various inputs over a single Qne to the 

computer system. Such a device is referred to herein as a peripheral repeater box in that it acts as a 

repeater for each of the Individual peripherals. 

Very often, dlffsrent peripherals have the same type of plug. In typical systems of the prior art there Is 

a requirement that each peripheral be plugged Into a specific connection. It by mistake two different 
so peripherals which have the same type of plug are mixed up, the Inputs no longer react properly. There Is 

thus, a need for in a peripheral repeater box the ability to plug different type of peripherals Into the same 

connector and stlB be sble to recognize which peripheral Es connected 

Various peripherals are capable of operating at different baud rates. It (s sometimes necessary to 

change baud rates. In systems using a peripheral repeater box, resetting of baud rates must be done both 
& in the peripheral and the peripheral repeater box. In particular, there la a need to provide a system In which 

baud rates can be reset when peripherals are changed. 



8UMMARY OF THE INVENTION 

40 

The system of the present Invention permits Interchanging peripheral 

The Peripheral Repeater box (PR Box) of the present Invention Is, first of all, used to allow the 
peripherals to be powered at the Monitor srte, The PR box collects the various peripheral signals using, a 
conventional RS-232-C or RS-423 connection, from seven peripheral channels, which are then packetlzed 
46 and sent to a host e.g. a coputer and/or graphics control processor, using RB-232-C signals. Transmissions 
to the peripherals are handled In a like manner from the host l.e., receiving packets from fte host, 
unpacking me data and channeling data to an appropriate peripheral serial line unit (8LU)» 

The peripheral repeater box of the present Invention fs particularly suited for use in a graphics system 
of the typa disclosed in copending EP-Appllcatlcns 88113184,3 and 881131577 entitled Console Emulation 
so For A Graphics Workstation and High Performance Graphics Workstation, filed on even date herewith, the 
disclosure of which is hereby Incorporated by reference. 

The communications between tha PR Box end itost are carried out with a novel protocol, which 
provides for reliable emor tree transmission. 

The PR Box uses a system with circular queues and buffers to buffer incoming and outgoing messages 
to and from the peripherals, Messages are arranged in packets tor transmission. The completion of a 



2/2/06, EAST Version: 2.0.1.4 



BP 0 310 788 A2 



message from a peripheral is detected by counting bytes. Alternatively if the time between received bytes 
exceeds a predetermined amount thfe Is used to sense the end of a message. To keep communications 
active between the PR Box and tie system, a "Keep aDve" timer Is used. This causes a "keep aiJve H 
message to be sent If there has been no other communicator) within a predetermined amount of tfme- 
s Peripherals which are supported by the dlslocsed embodiment of the PR box Include: 
a keyboard; 
a mouse; 
a tablet and 
a dial abcoc. 

to In addition, In the Illustrated embodiment, three other channels are provided for future expansion to 
provide for a button box channel, a spare keyboard channel and a general spans RS-232-C channel. 

The PR box of the present invention permits Interchangeability cf the cfifferent peripherals. In other 
words, peripherals with the same type plug can e plugged into any of the peripherals ports and it Is not 
necessary to ensure thai a particular peripheral Is plugged into a particular port. On power-up and each 

ra time a peripheral Is plugged In or removed, the host checks the peripherals to determine what type of 
device It Is and keeps track of that Information. 

A further feature of the present Invention l$ the abHtty to change baud rates when peripherals are 
changed. En accordance with the present invention, a command from, the host to change baud rates 
automatically resets the baud rate of the receiver In the peripheral box for the particular channel and 

20 another command sets the baud rate of the peripheral itaetf. Rrst, a message Is sent through the PR box to 
the peripheral. Then a command Is sent to the PR box to change the baud rate of a UART (Universal 
Asynchronous RecafvetfTransmltter) associated with that peripheral. 



£5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 le a block diagram cf a computer system in which the PR box of the present invention may be 

used. 

Fig. 2 is a basic block diagram of the PR box ot the present invention, 
ao Fig* 3A-C are a flow diagram of the firmware running In the PR box of the present Invention, 

Figs. 4A-H illustrate the transmission of packets through the use of circular queues and circular 
buffers according to ths present invention. 

Fig. 5 Is a table tabulating the default baud rates for the different peripherals used in the preferred 
embodiment of the present invention. 
35 Fig. 8 la a table showing the character times associated with each baud rate for use in interpacket 

timing according to fie present Invention. 

Fig. 7 is a flow diagram illustrating the basic flmlng utilised for Interpacket timing. 

Fig. 8 Is a tisgram showing the configuration of the header byte fleid utilized with the present 
invention 

40 Ftgs, 9A-C are cflegrems showing the message transmission protocol of the present invention. 



DETAILED DESCRIPTION 

45 

System Overview 

Rg. 1 is a block cfiagram of a computer system showing where the peripheral repeater box of the 
present Invention fits into the system. The illustrated system is a graphics system. However, the present 

so invention Is applicable to other computer systems. Thus, there Is illustrated a monitor 1 1 which receives 
video Input from a RGB coax 13 which is coupled to computing apparatus 14 which does the graphic 
computations. Included In apparatus 14, as Illustrated, is a graphics engine or graphics processor 15, a 
main computer 17, e.g. a Vax 8250 system, and a computer 19 acting as a processor, which may be a 
Mlcrovax computer. Computer 17 Is host to computer 19 and computer 19 Is host to the PR box 21 

as described below. Thus, hereinafter, where reference is made to a host, the reference Es to computer 18. The 
operation of this part of the system Is more fully described In Applications 88113164.3 and 88113157,7 
emitted Console Emulation For A Graphics Workstation and High Performance Graphics Workstation, filed 
on even date herewith. The peripheral repeater box 21 is Illustrated in Rg. 1 along with the various 
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peripherals which may to plugged into it These Include a keyboard 23, a mouse 25, a tabid! 27, knobs 28, 
Le. i dlaJ box, buttons 31, a spare R8232 channel 33 find a spare keyboard Input 35. 

The peripheral repeater box is a satfcontalned microprocessor system which, In the illustrated 
embodiment Is located underneath the monitor. It Is responsible for handling information flowing between 

s the host and peripheral devices. This ts a tree running sub-system that performs a self-check of Its own 
internal status at power up. After compteflng this task it im'traGza$ itself and continuously scans for activity 
from the host or peripherals. 

Four peripheral channels (for keyboard 23, mouse 2S, tablet 27 and knobs 29) and one command 
channel {for communications with the host) are provided to connect all the supported peripherals* In 

io addition three spare channels for future expansion or special peripherals, e.g. the spare keyboard 35, button 
box 31, and spare 33 of Fig, 1 have been provided 

The subsystem Is composed of a minimal system as- shown In Fig. 2. Thus, thare Es Illustrated an 8031 
microprocessor CPU 41 which, In conventional fashion, has a associated with it a clock/reset unit 43 wfth a 
12 mHz cyretal oscillator. Coupled to the 8031 CPU is a conventional control decode block 45 which 

ts couples the CPU to a bus 47. Sue 47 couples the CPU to memory 49 which Includes 16K of RAM 51 and 
SK of ROM 53. The 8031 has no on chip ROM and Insufficient on chip RAM. For this reason, the 8031 Is 
used In an expanded bua configuration utilizing three of the four available general purpose ports for 
address, data and control. These are coupled through block 45 to bus 47. Enabling the external addressing 
capabiHty for the expanded bus configuration fs accomplished by grounding (through a Jumper) the EA. 

so external access, ptn, 

The low order address and data are multiplexed on the 8)31, the address is latched during address 
time with a 7418373 Octal latch strobed via the ALE (address latch enable) signal output from the 8031. 

Bus 47 le also connected to a diagnostic register 55. Diagnostic register provides an output to a display 
57 comprising 8 LHDs. Afso coupled' to bus 47 Is a function register 50 which provides Its output to a 
26 tricolor LEO 51 to be described in more detail below. Also shown In Fig. 2 Is the DC power monitor 63 
which provides Its output to a bicolor LED 84 to indicate under or over voltage conditions as explained In 
detail below. 

Sue 47 also connects to Serial Line Units (SLU) 0-7 along with a modem control contained in block 32. 
Block 62 is what Is known as an octal asynchronous receiver/transmitter or OCTALART* Such a device Is 

ao manufactured by Digital Equipment Corporation of Maynard, MA. aa a DC 349. Basically, the OCTALART 
comprises eight identical communication channels (eight UARTS, m effect) and two registers which provide 
summary information on the collecHvs modem control signals and the Interrupting channel definition for 
interrupts. Serial One units 0-6 are coupled to the seven peripherals Indicated in Fig. 1. 8LU 7 Is the host 
link shown in Fig. 1. The outputs of the SLUs are coupled through transceivers 69, the outputs of which In 

35 turn are connected to a distribution panel 71 into which the various connecters are plugged. Block 69 
Includes EJA Line drivers, 9638 type, operating off a bipolar supply of +/-12 volts which translate the 
signals from TTL levels to a bipolar RS*232*C compatible signal level of approximately +/- 10 volts. 

The host channel (8LU 7), keyboard channel and spare channel do not have device detection capability. 
The other five channels have an Input line that is connected to the DCD {Data Carrier Detect) pin of the 

40 corresponding SLU of me OCTALART 62. When the pin is at the channel connector side is grounded the 
Input side of the OCTALART Is high Indicating that a device Is present on that channel. 

A dHta set change summary register in block 82 will cause an Interrupt if the status of one of these pins 
changes, Le. high to low, or low to high level change- This Indicates a device being added or removed after 
the system has entered operating mode. On power up the 8031 reads this register to determine which 

45 devices that have this capability are connected and enter this information Into a configuration byte (a 
storage area in software) and Is sent to the host as part of the self test report. This capability permits 
knowing which peripherals are connected to which ports and thus allows Interchangesblilty of peripherals. 
The PR box, each ttme a. peripheral Is plugged In or unplugged, sends a message to the host allowing H to 
interrogate a peripheral and update a table which It maintains. 

so In the free runnfng operational mode the PR box accepts data packets from the host through SLU 7 and 
verifies the Integrity of that data. If the data Es good then the PR box sends an ACK to the host, strips out 
the data or command from the packet and channels ft to the designated peripheral through Its associated 
SLU ft the data Es bad, Le. checksum error, the PR box sends a NAK to the host to request a re- 
transmission and throws away the packet it had received. These communications are described in detail 

65 below in connection with Figs. 5C through 1 1 C. 

The PR box can also receive commands to test Itself and report status/configuration to change the 
diagnostic LED$ end to change baud rates while In operational mode, 

BelMeet mode verifies me integrity of the microprocessor sub-system. After termination of the internal 
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locpback of the OCTALART, the subsystem wifl re*inltlaite fteeH and return to operational mode. 9elMest Is 
entered on power-up or by receipt of en executed self-test command from the host. This will check the 
functionality of the PR box logic. 

An intemaj loopbeck sub-test la provided In the seif^test, allowing the system to verify the Integrity off 

a the PR box togte under software control While the self test is in operation there is no logical connection 
between {he host and the PR box, This is true only during self-test. There Is no effect on the peripherals 
when the PR box Is running the interns) locpback portion of self-test because no data is output at the 
transmit ptns off the UART Unas In OCTALART 97. Additionally date coming In from the peripherals wffl have 
no effect on tte PR box during bopback test since all date at the UART receive pins of OCTALART 87 Is 

to ignored. 

External loop back testing may be performed on an incStfduai peripheral channel using the appropriate 
toopback on the channel to be tested. This Is done from the host firmware. The peripheral repeater Is 
transparent from this operation. This is the testing, explained further below which allows peripheral 
irrterchangeablltfy. 

79 A manufacturing test moded is provided by a jumper in the host channel bopback connecter. This 
jumper Is sensed on an 8031 on the power-up. in this mode the module runs aP tests (as In self-test) on all 
channels end a device present test r and an external peripheral channel loopback test, continual Loop on 
error functionality has been implemented to aid in repair. 

The eight bit diagnostic register 55 wfth eight LEDS 57 attached provides the PR box status and some 

20 system status, (assuming some basic functionality of the main system). This register Is used by the PR box 
to indicate its dynamic status durtng seiMsst or manufacturing test to indicate, on entry to operational 
mode, any soft or hard error that may have occurred. The MSB, (bit 7) is used to indicate that a PR box 
error has occurred, bit 6 is used to Indicate that a system error Is displayed. If bit 6 is lit then tha error code 
displayed fs the system error, regard less of bit 7 This leaves 6 bits for providing encoded error responses. 

ss (The LED Error Codes are Rated below.) 



The Power Monitor Circuit 

30 The circuitry 63 to monitor the plus and minus 12v supplies operates from the +5 v. supply. A single 
red/green bicolor led 94 J& connected to the output of the power monitor circuit 63. The output Indicators 
are as follows: 



LED 


Description 


indication 




Green 


All voltages present and within range 


Red 


Either plus, minus or both 12 voEt supplies are 




approximately 15% out of spec or dropped out 




completely 


None 


+6v supply, an supply voltages dropped out or no AC 



The DC power monitor Is a sat of four comparators to check undervohage and overvottage out of range 
approximately 15% at nominal for the plus and minus 12 volt supplies. The circuit runs from plus five volts 
46 and uses a plus two volt precision reference applied to the appropriate reference Input of each comparator. 
The output Is connected to bicolor LED 64. Precision resistor dividers connected to the other input of each 
comparator, scale the test voltage down to the same range as the reference input. 

50 The Function Monitor 

As shown In Rg, 2, a tristate LED $1 is connected to the output of two bit function register 56. This is 
used to give visual Indication of what mode or function the PR box fs performing at that time. 

as 
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LED 

Incflcailcn 


Description 


Yellow 

Red 

Green 


Self-teet mode being executed 
Manufacturing test being performed 
Operational mode active 



PR Box Operation Overview 

The PR box ROM 53 contains serHest and operational flrmware. This firmware Is contained In 4K bytes 
of ROM, though there re 8K bytes reserved for It. A Hating of the firmware- !$ set out tn Appends A. A flow 
diagram for the firmware is set out In Flga> 3A-C. 

On powernip indicated by block 301, the on board diagnostics wilE have control of the PR box as 
Indicated fen block 303. The diagnostics will perform tests on the PR box logic and do an external loapbaek 
and test ? pin 7 on the 603t port 1 !g grounded (signifying manufacturing mode). In manufacturing mode 
the diagnostics will loop forever via loop 305 and not go. Into operational mode. This is done via detection 
of the loopback connector (pin 7} on power up. If an error ts encountered during manufacturing modOr the 
diagnostics wHi loop forever on the test that encountered the error, 

Registers 56 and 59 with LED* $7 and 61 (see Rg. 2} attached can be viewed from trie outside of the 
system box. Diagnostic register 55 as noted above is 8 bits wide with Red LEDs. These LEDs report errors 
for the PR box and/br the system. As also described, the function register 59 is two bits wide with a single 
red/yellowfereen LED. When In manufacturing mode, the function LED is red as Indicated In block 303. On 1 
power-up r during other than manufacturing mode, the function LED wHt be yeaow. In operational mode it wiB 
be green. 

The various tests performed on power up are indicated by Weeks 307-314. if in manufacturing mode, as 
checked in bfock 315 of Rg. 3B, the test of blocks 316 and 317 are also performed before entering block 
318 to loop 305. 

if, on power up. the PR box has an error that will make the PR system unusable, E.e. Interrupt 6031 
errors, the function LED will stay yellow, an attempt to put the error code tn the diagnostic register wID be 
made, and the PR box will not go Into operational mode. 

if there are no errors or errors that will not make the system unuseaWe, and the system Is not In 
manufacturing mode, path 320 will be foPowed to block 401 of Fig, 3C and the function LED wlB turn green 
and wait for the host to ACK/NAK, the diagnostic report to establish the rfnk between the host and the PR 
box. rf the Gnk ia never established, the error code for NO host Is placed Into the dagnostfc LEDs, and the 
PR box will go Into operational mode, tf the communications flnk Is Eater established, the error rode will be 
cleared 

If there are soft errors (diagnostic register or function regfster) the PR box wBI go Into operational mode 
of Ffg. 3C and carryout the background process. However, any LED indication may be incorrect Except for 
a dead system, l.e, 8031 failures, the PR box will attempt to go operational mod* displaying , ff possible, 
the point at which it failed the sett-test, (teat number). 

After the power-up diagnostics have been competed, control la passed to the operational firmware, in 
this mode, the firmware will keep the link between the host and the PR box active, and mux/demux 
commartdaAdata between the peripherals end the host This operation is described in detail beJow, 

The diagnostics/operating system of this system are ROM based and run out of the 6031 microproces- 
sor. The PR box firmware la compatible with the existing peripherals, and adheres to a communications 
protocol developed for the host PR box link discussed below. 

The diagnostics are the first part of the firmware to run on power nip of the PR box. The diagnostics 
leave the system In a known state before passing control to the operating firmware. Upon completion of 
testing the PR box, the system RAM 51 la Initialized, queues are cleared, the UART8 In in OCTALART 8T 
are set to the defauJt speeds and date formats, the diagnostic and mode registers 66 and 67 are set wfth 
the appropriate values, and a system status area is set up that contains the status of the PR box, 

Once the diagnostics are completer the diagnostic report Is sent to the host, and the PR box goes into 
operational mode. If there are no other messages to send, the PR box will wait 10 seconds for an ACK/NAK 
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before placing an error code tor "No communications link* Into the diagnostic register 55. An ACK/NAX 
timer is provided for aO other packets and times out art 20 m8ac. Once operational, the UAHT3 are enabled 
to &Pow commurdcatfcns between the peripherals and the host A kesp-allve timer is also enabled in order 
to keep the host link active. 

6 

Operational Mode 

En this mode, the PA box 21 is (he centra! ccmmunJcattons device sitting between the peripherals and 
to the host 10. (Refer to Figure 1 block diagram). Before detailing this mode, seme basic terminology and 

memory allocation utilized on the PR box must be discussed. 

A pags of memory Is 258 bytes in length. The tow order address of the beginning page of memory Is 

zero, the upper byte Is from 0 to 255. In this description, the term "port" te used Interchangeably with 

"channel" and refer* to the peripheral- port, 
tfi The 8091 has 128 bytes of on-chip RAM. Of the 128 bytes, 38 am utlDzed tor front rear, nscefve and 

transmit queue pointers. There is a front and rear queue pointer tor each receive and transmit queue, 

Receive and transmit queues are allocated for each SLU port and the command queue to the PR box 

There are eight porta and one command channel, thus, (here are 16 queues and 36 pointers. Usted below 

are the names given to the respective queue pointers. 
20 REAR_RX_GUE_PTR A table containing the rear receive queue pointers for ports 0-7, & the cmd que 

8 

FRONT_RX__QUE — PTR A table containing tha front receive queue pointers tor ports 0-7. & the cmd 
que 8 

REAR_TX^QUE_PTR A table containing the rear transmit queue pointers for ports 0-7, & the cmd 
25 que 3 

FRONT_JTXJ2UE_PTR A Table containing the front transmit queue pointers tor ports 0-7, & the cmd 
que B 

30 The receive and transmit queues are maintained in off-chip RAM. Each queue entry Is an address of 
the buffer received, or the buffer reedy to be transmitted. Each entry la a word In length* a word being 16 
bits. The first byta Is the low order address, and the second byte Is the high order address, No buffers are 
moved, only buffer addresses. Listed below are the names assisted to critical memory locations. 
RX_i_QU£ Whane I = 0 to 7, and the CMD que-1 page {258 bytes«1ffi msg ptrs) 

33 TX_!_QUE WHERE i *0 to 7, end the CMO que-1 page {256 bytas-128 msg ptrs) 

CHI^BUFFER Where I ■ 0 to 7, Buffer space for each port. Ports 0 to 7 are the following sizes 3/4K, 2K, 
2K 1 £K. 3/4K, 3/4K, 3/4K, 2.75K respectively. 

RX_SUFFERS 18 bytes (8 addresses, one for each SLU, there Is no buffer associated with the 
command queue) - Contains the next free byta in each ports buffer. 

40 TX_BUFFERS 18 bytes (8 addresses, one for each SLU, there is no buffer associated with the 
command queue) - ContaJn8 the nsxt byte to transmit for each port. (Transmitter Interrupt sets this up 
TX_8IZE_ TBL Number of bytes left to transmit for each channel. (8 locations) 
RX_TIME_OUT Timer bytes for each receiver channel. For inter-character timing. (8 locations) 
PORT_ T1ME_ OUT Timers tor each channel. Set to I0m9 when a queue Is overflowed. (Port is turned 

46 off for lOmS) (8 locations) 

KA_TlMER Keep aflve timer, A 10 second timer which Is reset to 10 whenever a packet Is sent to the 
host If the timer times out a keep alive packet Is sent to the host, 

ACK_NACK_TIMER Timer set to 20mS after the checksum on a packet Is sent to the host (The timer 
is cleared If it receives an ACK or a NACK in this time period. If an ACK/NACK Is not received, an error 
so LED Is set on the PR Box,) 



The method by which all pointers, queues, buffers, and tables are accessed l$ by getting the base 
address (or base page), and adding In the current channel number (or a multiple of the channel number). 
55 For example, to access channel 3 queue, the base page of the receive queues are taken. The upper 

address e.g. BA8E_Rx PAG6, which is the base for ail front queues is taken and the channel number ts 

added to it (3 in this case) Once this E$ done, the value pointed to by FRQNT_RX OUE_PTR plus the 
offset of 3 Is used as the lower address for the front pointer of channel 3. The channel number Is obtained 

7 
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easily by reading it from a register in the OCTALART whfch, white In an OCTALART Interrupt stores the 
number of the chamei causing en interrupt Thus, for sxm^Je, If data comes in from channel 3, ft causes 
an OCTALART interrupt The channel (3) Is stored In an OCTALART regfster. The PR box reads this 
register and add ft* value (3) to the base values and this way quickly and easSy obtains the necessary 

6 addresses far the pointers etc* for channel 3. Thus, all the queues, buffers, etc* can be treated generlcafly 
by common subroutines, and interrupt routines, with the exception of Channel 7, which is treated slightly 
differently bscauae It is the channel to which the host b connected. 

All queues and buffers are circular. The queues are circular by virtue of the fact that they am only one 
page In length. The upper page address Is loaded directly into the P2 register of the 8031. The frontfrear 

ro receivertranamrt queue pointers sore loaded directly Into register R0 or R1 of the 8031 which can be used 
for extemaleccesses. Since the pointers ere 1 byte t {RQ/R1) when they are Incremented (by 2} from FE hex 
they will automatically be set to 0. (FE hex + 2 * 100 hex, but since It Is a byte value the 1 Is tossed 
away,) No data checking Is necessary because P2 and R07R1 are separate registers and die one does not 
carry to the upper address byte (P2), 

t$ Once in operational mode, the PR box will Initialize all the channels to default baud rates for the 
peripherals It expects to be on a specific channel. The default baud ratss are set out in the table of Fig. 3. 
Upon this expectation, the PR box will also aDocats buffer sizes to achieve maximum processing of data 
received from and transmitted to the respective peripherals, The buffer size Is chosen to provide for storage 
of a ma»mum of 258 packets without overwriting buffer apace. This comprises 128 packets In a queue 

so reedy to transmit to the host aid another 128 packets In a peripheral receive queue waiting to be moved to 
the host transmit queue. For example, channel 0 buffer is Initialized to 768 bytes, (3/4 K), to accommodate 
a keyboard which is a single character device. Each packet stored In the buffer received from the keyboard 
wlO be comprised of three bytes: channel number, size byte, and the data byte. To store 256 packets, the 
buffer allocated Is 256 x 3 » 768 bytes (3/4 K) long. Once communication Is established between the host 

as and the PR box, the host win then interrogate each peripheral to ascertain what type of peripheral Is 
connected and make adjustments to the baud rate if necessary. 

The main routine which the PR box runs is the background process noted above. Rg. 3C Is a flowchart 
which describes the background process. First, in block 401. on entering this part of the flmware the 
funcfton register output is turned to green. 

30 Then, as shown by block 403 this process scans the receive and transmit queues to see If they are 
empty. It does this by comparing the front queue pointer to the rear queue pointer for each queue. If the 
front equals the rear, the queue Is empty, If they are not equal, then some action must be taken. The value 
1 used In the background routine Is, of course, the channel number, In thfs case r t is added to the base 
values to get the necessary addresses for checking the front and rear pointers. 

36 Figs, 4A-E Illustrate what occurs when data Is received In a receive queue from a peripheral and also 
Illustrate the use of circular queues and circular buffers according to the present Invention. Fig. 4A deplete 
the state the queues and buffers are In Initially before a packet fs received. Illustrated is the queue 410 for 
channel 2; the channel 2 buffer 416 and a tabfe 417 containing pointers for the next available memory 
location for each of the receive channels Rx0-Rx7 and transmit channels Tk0-Tx7. As noted previously, data 

& is not moved from buffer to buffer, only the addresses are moved from queue to queue. Thus, for channel 
2, buffer 2 receives the data and ft is also from this buffer that data to transmitted to the host. At the start of 
the receive tor tills packet queue 410 Is empty, I.e., the from pointier 411 equals the rear pointer 412. There 
may have been many packets received before the front and rear pointers 410 and 411 are at the top of the 
receive queue 410 (Rx_2_Queue). The poEnter 416 tor Rx 2 In table 417 is pointing to the next free buffer 

45 space in buffer 415 which is 44FD Hex. 

Figure 45 depicts what occurs after the first receive Interrupt on channel 2 occurs. Addresses are 
obtained in the manner descrtoed above by adding the channel number (2), the base addresses. A 
character Is read, which In this example is "A", The Rx^Buffer pointer 416 address Is moved Into the 
Rx_2__Queue 410. The packet Is loaded Into Channel_2_8uffer 415, along w*th the channel number 41 8 f 

so me size of the packet 41 S, which is initialized to 1, and the character read "A* as indicated at 420. This act 
causes the Inter-character timer, to be explained in more detail below, for channel 2 to start, 

The next free buffer space is saved In table 417 of pointer 416. The netxt free buffer space pointer is at 
3D00 Hex. The last free buffer space pointer was at 44FF Hex which was the end location of the buffer, 
instead of just bumping the free buffer space pointer to 4600 Hex and thereby going Into the next 8LUs 

55 data apace and losing data, the free buffer space Is wrapped to the start of Channel_2_Jiuffer, No overrun 
will occur because of the size of the packet and number of packets allowed as described below. This 
demonstrates the use of circular buffers in the PR box software. 

The same sequence of events as described above and depicted In Fig. 48 are repeated as shown in 
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Fig. 4C and Rg. 40. The character (B and C) are read and stored at the start of the channel 2 buffer 4iS 
and tha packet stza 419 Is Incremented accordingly. Each character Is moved to tha address in Chamei_2 
Btrffer 415 that pointer 416 (free buffer space pointer) of the table 4t7 Indicates, Pointer 418 is incremented 
and the trster<haracter timer Is re-etartect This sequence of events continues untH the Inter-Character timer 
s expires. 

Rgs. 4A-E have been simptiHed to show only one packet En each queue at a time- In resJIty, each 
. queue may havs multiple entries and each port may be receMngrtrensmlttErig packets concurrently. Hawing 
a trsisnilt queue, a receive queue, a buffer and associated pointers dedicated to each channel In the PR 
box makes thle operation possible. 

10 Fig. 4E shows that once the Inter-character timer expires, the few pointer. 412, is bumped to the next 
free location (FE Hex + 2 = 00). This brings the rear pointer to the start of the queue thus again 
demonstrating the use of circular queues In PR box software as a result of the previously explained use of 
the P2 and R0/R1 registers. 

All received and transmitted darta from the PR box te handled by interrupt routines. There ere routine©, 

r3 which occur for example, during the steps of Figs, 4A-4E, to set up the data packets to be sent from the 
peripherals to the host. These packets are considered compiete if the number of characters received for 
that peripheral equals the maximum packet siate eilowed. which Is six bytes, or If there Is a timeout of the 
Inter-character timer for that peripheral. For example, the tabtet report size £s 5 bytes ao after the fifth byte 
It will time out and be a completed packet. Inter-character timeout occurs if approximately two character 

20 times pass without reception of a byte, 

Peripheral timeout le handled by inter-charader timers that are initiaBaed before the (nltiatteatton code 
starts. The value that Es loaded Into the timer Is related to the baud rate. There is a timer location for each 
channel. Table of Rg. 6 contains a list of the timer values used few the different baud rates. The timer 
values are decremented In a timer 0 Interrupt routine, described in detail beiow In connecflon with Ftg. 7. 

28 For example, consider the case where the tablet sends a report which ts 5 bytes long at 4800 baud. At 
4800 baud and 11 bHs per character It will take approximately 2.3 meecs per character for transmission. 
Then in the case of this report being sent, the timer would expire after about 5 msec and the buffer would 
be marked as complete. 

• As disclosed above In connection with Fig. 48, when the first character is received on ports 0-8 
3o (peripheral ports), the address of the first free space In that ports 1 buffer 41 S is stored in the queue 410. 

The current port number la stored in that location at 418. The next buffer location 419 is the size, and will 

be Initialized to 1* Finally, the character which was read in e,g, A r Is stored in the buffer. Subsequent bytes 

are be stored in the buffer 415, and the stee byte 419 3s incremented. 

Thus, after each byte is react a timer for that port is initialized to approximately twice the transmit tEme 
gs for a single character. This fnter-character timer value Is adjusted If the host changes the baud rata on any 

channel. The packet is closed, and the Ith rear pointer- 412 of Rg. 4A-E Is bumped by 2 when the timer 

counts to zero (times out), or toe size equals 8, where f Is the channel number, as shown in Fig. 6£ 

After the background process sees a non-empty Rx queue, e.g. as in Fig. 4E the buffer address at the 

front 41 1 of the receive queue Is moved to the rear 422 of the Tx-7 queue (host) 420. The front receiver 
40 pointer 411 or tha Rx queue is bumped to the next location (which may or may not have any more date 

buffers to send), and the rear 422 of the Tx_7_Gue is bumped to the next free location, This Is shown In 

Rg. 4F. 

In general, the transmitter Is turned on for port 7, K it is not already on, If an ACK/NACK or a Keep Alive 
needs to be sent, or the queue Is not empty, the command queue Is not empty, then the command parser 
4$ Id executed Transmitter" Interrupts turn themeeivee off when the last character Is sent The background 
routine, transmit, receive, and time interrupts all run asynchronously to each other 

Thus, ff the receive queue is not empty and the queue is for pert 0 - 6 or the command queue, then the 
queue entry at the front of that queue is pushed onto the rear 422 of the transmit queue 43) for port 7. The 
front 41 1 of the receive queue at which the entry was Just taken off is incremented by two as explained 
so above In connection with Fig. 4FF. What has lust been described Is how information Is received from a 
peripheral into a buffer and the buffer locations stored in a receive (Rx) queue and then transferred to the 
Tx_7_Que to be transmitted to the host 

Packets from the host for the peripherals (0-8) or the PR box (the commend channel) are handled In 
similar fashion, first with the locations stored In the RX_7 queue and then being transferred to a respective 
58 Tx queue. 

If the receive queue for port 7, Rx__7_Que {the host) is not empty, then the first byte of the buffer {at 
the queue entry) contains the port where the entry should be dlrscted. That port value is used to select the 
appropriate transmit queue, and the buffer address +1 is the value which Is pushed onto that transmit 
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queue. If the destination Is tor port 7 {La., a command to the PR Box), then this is pushed onto the 
command queue. 

The first character received on port 7 must be an ACK, NACK, or an SOH. if rt fa en 80H, the PR Bo* 
wilf expect to receive a packet All foBcwing characters ere stored In the channel 7 buffer. After the last data 

$ character la read, the received checksum Is compared with ihe calculated checksum. If they are equal, an 
ACK Is tent to the host, and the rear pointer lor channel 7 Is bumped by 2. If the checksum does not 
match, or the Infer-character tfimer expires (10 msec tar the host), a NACK is sent to the host, and the rear 
pointer for channel 7 la not Incremented (The PR Box Ignores the data It stored). 

Once an entry la pushed onto a transmit queue tor ports 0*6 and tt is not empty, the transmitter 

10 Interrupt la turned on for this channel, if It is not already on 

A transmit Interruption ports 0 • 8 wUI take the address at the Wi transmitter queue front pointer tor the 
buffer to transmit The first byte is the sire, whJch Is not transmitted* but the subsequent bytes are 
transmitted until the size fa zero. When the Interrupt Is finished transmitting all the data bytes, the front 
pointer for the Hh transmitter is bumped by two, and the Interrupt for" that port Is turned off. 

ts A transmit Interrupt on pot 7 could be for a few reasons such as, to send en ACK, NACK, or a packet 
to the host. A transmit interrupt on port 7 (Host port) will reinftlaiize the keep alive timer to 10 seconds. 

if the PR box te to send a packet to the host, the first time In the Interrupt, It will sand an SOH. The 
second time in the interrupt routine & will get the packet address pointed to by the front pointer 421 tor the 
Channel 7 transmitter queue 420 as shown In Fig, 4G. The first byte at that address wiS be the channel 

» which the packet Is from. The PR box takes this byte, sands It and stores the address of the next byte to 
send In Tx_8uffers table 417 at the location for channel 7. For example, Fig. 4Q illustrates transmitting the 
Information tor channel 2 which was obtained as shown in Figs. 4A-E. The next time in, It will send the size 
of the packet, and use the size to send the subsequent data bytes, until the size Is zero* As each byte ts 
sent, the Tx buffer (7) Is Incremented to point to the next byte. As each byte la sent, It Is also calculated 

is Into the checksum, and the checksum is then sent when the size la zero. After the checksum Is sent, a 
timer Es Initialized to 20m8ec In order to wait tor an ACK or a NACK and the Interrupt Is turned off. If an 
ACK Is received, the front pointer for channel 7 will be bumped by two as shown In Rg. SH. If the timer 
expFres, this pointer win be bumped by two, and the L£Ds will have the error code to Indicate the host did 
not respond, Another packet cannot be sent to the host until an ACK/NACK Is reoetved, or the timer a&qalrea. 

$u As noted above, the host sends data to a physical channel address. The host keeps a table Endtostfng 
which device Is plugged Into a particular channeL The host can tell which device Is on a particular channel 
by requesting the device to send a selHest report. This is done tor devices having common connectors that 
can be interchanged (I.e.. the mouse and tablet, dial box and digit box, etc.). The PR box tries to determine 
If a device is connected to a channel by looking tor the device present bit. The mouse, tablet, buttons box, 

as dial box, and spare keyboard channels have device present bits. By using these, the PR booc can teQ that 
there is s device out there, but not whet device it Ik 

When the PR box sends the eeifaest report, one byte is the current configuration of the system (only 
those devices that have a devtos present bit). There is no attempt made to try to Identffy If there is a device 
on the spare channel, host channel, or the keyboard channeL 

40 A receive interrupt will occur on channels 1 • 4 and 8 if a device fs plugged/unplugged. If this occurs, a 
message is sent to the host. The host then interrogates that port to see which peripheral* if any, is present 
and records that information in a table. It then sets baud rates by sending a command to the peripheral and 
then a command to the PR box to set the UART baud rats tor the port In question. Baud rates may be reset 
at other times by the host to, tor example, alow down transmission of a data where excessive trans mi salon 

46 errors are encountered. 

The Timer 0 Interrupt contains the counters for the Inter-character timers, counters for a port which was 
previously turned off, and the ACK/NACK counter. Fig, 7 Is a flow diagram Illustrating the Timer 0, 

As Indicated by Rg. 7 T the timer interrupt occurs approximately every 1.38 msec. Upon the occurrence 
of an Interrupt, as Indicated by block 501 , registers are saved and the register' banks changed, The time to 

no the next Interrupt Is then loaded as 1 ,38 msec, as indicated by block 503. The next step Is to get the base 
address of the receiver timeout table of Intercharacter timers. This table contains the same Information 
which ts contained In FEgs. 5 and 6 hereof, E,e. tor each channel It gives-the value tor the Intercharacter 
timing. The next brock incficetes that the* process starts with i equal to (L In other words, as Week 507 
Indicates, It starts with channel 0. A decision block 509 is entered In which, the first time through, a check is 

55 made to see if the timeout for receiver f is equal to 0. If it is not equal to 0, block 51 1 is entered, and the 
timeout Is decremented by 1« A check Is made again In decision block 513 to see If timeout has reached 0, 
If the answer is yes then it is the end of the message as indicated by block 515 and, as indicated above, 
the rear of queue 1 Is bumped. In decision block 509 If timeout Is equal to 0 this means there Is nothing to 
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be done for this charms!. If the answer In derision block 513 Is no, this means that timeout has not 
occurred. In either case, block 517 is entered and i is incremented to the next channel. Folcwing this a 
decision block 519 ts entered to see H I is equal to 7, If not, tiie program loops beck by a loop 520 to 
decision block 509 to check timeout for the next channel. When charm el 7 Is reached, as Indicated by a yes 

s answer from block 619, decision block 521 Is entered. Here a check ie made to find out If the PH box rs 
receiving on the host channel. If It is, according to block 521 timeout Is decremented by 1. Then In block 
523 a check 1b made to see If timeout Is equal to 0. It It te, there Is a ttmecut on the host channel and a 
number ol steps are taken as fndcated In block 625* if timeout has not occurred, the program proceeds 
directly to block 527. As Indicated therein, a check is then made tor a timeout on a port which was turned 

to offi This Is done using the same series of steps just described* 

After passing through block S27, a decision block ie entered to see whether or not the PR box Is waiting 
for an ACK or NAOC If the answer in decision block 529 is no, block 531 ts entered Immetflatery which 
Indicates mat &e registers are restored and a return from the interrupt to the main program, ff the PH box is 
waiting then block 533 is entered and the ACK/NACK timer Is decremented. Next, a check Is made In block 

rs 535 to see if the timer is at 0. it is not, block 531 Is entered. Otherwise, If ft Is 0, the watt for ACK/NACK 
and the transmitter 7 flag Is cleared and the front pointer for the transmitter 7 queue is bumped as indicated 
by block 537. Next, block 539 la entered and rt it is not system start up the host gone error Is lighted In foe 
LED* 52 of Fig. 2- After this, block 531 Is again entered. As shown in Fig. 9C, when end message 61 S Is 
encountered, as shown by block 541, the rear pointer for the receiver associated with the tth channel for 

so which the message had ended is incremented by 2. Next as indicated by block 543, the receive in 
progress flag Is cleared followed by clearing of the receive timeout aa Indicated by block 545. Next, a check 
Is made En decision block 547 to see if I is equal to the host channel. If it ie, the actions taken In block 549 
are earned out. When this done, or K the answer In block 547 was no, then file program returns to block 
517 of Fig. 9A. (£ND_MSG Ie used elsewhere In the firmware also.) 

2& A timer ta only d ec r e mented if It Is nonzero. If It Is non-zero, and transitions to zero, some action is 
taken. If an Inter-character timer expires, then the rear poirrtar 412 tor the 1th receiver Is bumped by two, tf a 
timer for a port which was previously off expires, then that port is turned on. A port ie turned off when It 
gets too much data, and overflows Its queue. The port Is then turned off for 10m8ec. If the ACKfNACK timer 
expires, then the front pointer 421 for channel 7 transmitter is bumped by two, and the error for the host not 

30 responding Is placed In the LED* 57. 

The Timer 1 Interrupt contains the counter for the "keep aJlve" timer. It Js decremented by 1 on each 
entry. If It transitions to zero, a flag Is set so trie background process of Fig. 5C will send a "keep alive 11 
message to the host. 

The Interrupt routines to receive packets from the host thus, set them up In memory for the 
to background process of Rg. 5C to decipher. This background process also sets up the process for the 
Interrupt routines to send data packets to the host and the peripherals. 



Packet Definition 

<0 

As noted above, bytes received by the PR box from a peripheral are grouped Into a packet to be sent 
to the host The packet definition Is as follows; 

SOH l byte: Decimal 1 



46 



Header i byte: See Fig, io 



so 



65 
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Byte Count 1 byte: Number of message/ 



TO 



Checksum 



1 bytes 



re 



Response to the above 
packet: 



ACK/NAK 



Message/ Data 
Text data bytes 
Has sage/Report/ Data 
bytes, length 
dependent on peri- 
pheral device 

Checksum for total 
tranemisison 



1 byte: Decimal 6/21 



20 The header byte field bs Illustrated En Ffg, 8, 

The time bit device code utilize* aP available bite. There ere device codes for the keyboard, mouse, 
tablet, dial box. button booc, PR box system and two spam ports. The host channel Is considered to be part 
of the PR box sytem, Le, the host channel uses a DSV ID at 111. 



30 



Code 


Oevice 


000 


Keyboard (DEC LK201) 


001 


Mouse 


010 


Tablet 


011 


Dial Box 


100 


Button Box 


101 


Spare Channel 


110 


Spare keyboard 


111 


PR Box Including Host Channel 



The reception error bit of Fig. 8 is used to indicate a problem with the associated device identified by 
the device code* This bit will be set when the PR box sees a parity, framing, or hardware overrun error on 
the UART associated with the device. 

Reception Error St * logical 1 to indicate an error has occurecL 

The Reply bit is used to indicate the host that the PR box la responding to a request made by the heat 
and that the report or data following )s not being originated by the PR box or peripheral device. Thle bit Is 
used for a response to the commands T and R discussed below under Self Test Command and Statue 
Report Command, respectively. 

Reply Bft = logical 1 to indicate this Is a response to a previous request from the host Used only for 
PR box commands. 

The Keep Alfve bit Is used to send null transmissions to the host within a specified time {e.g. 10 
seconds) tf there has been no transaction In that time period, The host watchdog timer Is set to 10 seconds. 
This functionality teBs the host that the PR box Is still connected but has not data to transmit. The host 
resets rts watchdog timer and starts the cycle again. 

Keep AGve - logical 1 to indicate keep alive function only. 

The Devtce Change bit is set to indicate that a device with a device present bit has been 
connected/disconnected to/from the PR box. When this bit is set, the packet contains one message byte. 
This Is the configuration byte. The configuration byta wilt have one bit set tor every device that has a device 
present pin thai is plugged into the system, 

Devtce Change 8ft - logical 1 to indicate a device has changed state. 

The System Error bft is used to send error reports to the host. When this bit is set there la one data 
byte In the packet That4ate byte Is the error code. The error codes that currently exist are: 
1. 01H - Bad command sent from boat 
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2. Q2H Device Queue has had an overflow. 

Two methods of error detection em utilbed: 
1 . Checksum for the transmission (add with carry) 
s 2. Odd parity for each byte. 

If the Keep Alive bit is set the Reply bit and Error bit are Ignored by the host The DEV ID wtth Keep 
A3ve must be the PR box device. 

TO 

The Transmission Protocol 

The transmission protocol is as follows: The originating device sends Its data and waits for an ACK (ail 
OK) or a NAK (something doesn't track, retransmit). Status Information Is a little bit different fn mat the 

19 originating device, host wiD be expecting something after than the ASCII ACK/NAK char actor back. This Is 
where the Reply bit te used. 

If a NAK Is received by either toe PR box or the host, the source device will retransmit the previous 
transmission. The device which sent the NAK will flush the previous transmission and respond to the re- 
transmission as a new request. 

20 Illustrative cflagrems ere shown In Fig. 11A-C which respectively show host originated data; PR box 
originated data and a report request by the host. 

When a selMsst command Is transmitted directly to a peripheral, i.e. as regular data, the response 
coming back win be handled the same way. I.a. as data, and the Reply bit will not be set and the DEV ID 
win be that of the peripheral device. The PR box has no special commands to individually test Individual 
2* peripherals. 

When a device overrun error occurs, data may be lost When the PR box gerts an overrun error, and 
continues to receive data from that device before It can empty out it's queue, the receive for that device is 
turned off for 10 mSec 

After 10 msec-, the receive is turned on agatn r and the data that comes in Is ptaced In the queue to 
30 send to the host During the 10 mSec. that receive is off, data la lost 

Data from a peripheral Is Bmlted by the PR box to a maximum of six bytes per packet If a peripheral 
sends out more than six consecutive data bytes without any null time period between the bytes, the PR box 
will make separate packets with a maximum of six data bytes. The packets from the host to the PR box do 
not have a data limit check. However, the host should limit the data size In a packet to nine data bytes for 
& safety. The PR box can safely store up to 258 packets of nine data bytes, and warn the host on a queue 
overt low condition, f the host sends larger packets, it should send them less frequently, I.e. 123 packets of 
16 data bytes, etc, with a bigger time gap between packets. 

As explained above, packeting of data from devices Is handled by tEraers. When the PR box "sees* a 
"null" time period equal to two times the character length of a peripheral the packet Es closed off and 
40 placed in the queue to send to the host. (See the example above.} There Is also a default for a transmission 
from the host of 10 mSec. null time in between two bytes of a packet. If this timer expires a NAK will be 
sent to the host rf the default speed of the host la changed, the timer will revert to a time period of two 
times the character length. 

As previously described, there are also timers for the Keep Alive (about 10 SEC) and ACK/NAK (about 
46 20 mSec 



Commands to the PR Box 

eo Self-Test Commend 

T - Test PR System and send the self-test report (Including the configuration). 

Note; Test T wRI temporarily cfisconnect the PR Bex from the host for less than 10 seconds- 



55 Status Report Command 

R - Report statue of PR System, including Peripherals configurator 
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Change Saud Rate Command (two forms} 

0 Cnx - where "n" Is the channel number (0 - keyboard...7-PR-Host link), and V Is the baud rate. 
0 Onnyz - where "h" Is the spare channel (5). "x" Is the baud rate, V Is the parity (A8CII Q(Hex 4f) - 
9 for odd, ASCS E (Hex 45) - for even, or ASCII N (Hex 4E) * for none), and V is the bite/char (Hex 5, 6, 7, 

or ey. 

Nets; The Parity and Bfta/char can only be changed on the spare port, however, fte baud rate on the 
spare channel can be changed without changing the parity and bits/char. Tha other ports oan only have the 
baud rate ctanged* 
id The following rs the table of beted rates (x): 



Baud Rata 


Hex 




wwUV 


SO 


00 


75 


01 


110 


02 


134.5 


03 


150 


04 


300 


OS 


600 


08 


1200 


07 


1800 


oa 


2000 


09 


24O0 


OA 


3800 


OB 


4300 


OC 


7200 


OD 


8800 


OE 


18200 


OF 



35 Claim* 

1. In a system including a processor and at least one connector for providing Inputs to the processor, a 
method of determining which of a plurality of different types of peripherals are plugged Into said connector 
comprising: 

a) sensing arty change In the connection of a peripheral to said connector; 

b) upon initial start-up of the system and each time a change from not plugged In to plugged In Ts 
detected interrogating the peripheral to obtain its type; and 

c) storing the type of peripheral which is plugged in. 

49 2. The method according to claim 1 comprising generating an Interrupt when a change Is sensed 

3. The method according to claim 2 comprising, In response to en Interrupt, interrogating the peripheral. 

4. The method acccrrjng to dalm 1 wherein a plurality of connectors are provfded for a plurality of 
peripherals and further including sensing said change for any of said peripheral connectors , Interrogating 

^ said peripheral connector and updating said table with said results, 

5. The method according to claim 4 and further comprising .Interrogating each peripheral on start up 
and storing the results In aald table, 

6. The method according to claim 4 wherein said system includes a host processor and a peripheral 
repeater having a processor, said peripheral repeater receiving Irpjts from said peripherals and resendlng 
them to said host and receiving inputs from said host and resendlng them to said peripherals and further 
coroprfsmg: 

a) generating sand interrupt at said peripheral repeater processor; 

b) eencSng a message to said host from said peripheral repeater processor indicating whech 
peripheral connec tor has caused the Interrupt end 
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c) interrogating said connector, through said peripheral repeater, from said, host 

7. In a system Including a processor end at least one connector for providing an input to saW 
processor, apparatus for detecting whteh of a plurality of different peripherals fs plugged Into said connector 
comprising: 

a) means for detecting a current path through said connector for indicating thai a peripheral is 
plugged Into said connector, said means provldfng an output; 

b) eald processor including means responsive to said output for sending fnterogatlon commands to 
sahj connector; and 

c) means for storing data coupled to seid processor for storing a type of peripheral plugged Into said 
connector. 

8* Apparatus according to claim 7 wherein said output comprises an Interupt and said means for 
detecting Irduding means for generating an interrupt when a change In said currant path is sensed 

9, Apparatus according to claim 1 wherein a plurality of connectors are provided for a pluraJity of 
peripherals and further inctucfing said means for detecting fa adapted to sense said change at any of safd 
connectors, and wherein said means for detecting Includes a register for storing a number associated with 
the connector where e change was sensed and said means for storing incEudes locations for storing a 
peripheral type for eatfi of said connectors. 

10. Apparatus according to claim e wherein said system includes a host processor and a peripheral 
repeater havfrtg a processor, said peripheral repeater receiving Inputs through said connectors and 
resetting them to said host and recelvEng Inputs from said host and resendlng them to said peripherals and 
wherein: 

a) said means for generating said interrupt Is located at said peripheral repeater processor; and 

b) said means for sending interrogation commands comprises Sdid host 
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